This study was undertaken to establish baseline data on the chromosomal status of 'failed-fertilized' oocytes derived from in-vitro fertilization (IVF) (31-38 years) . The status of the polar body chromatin indicated that there was no overall significant difference in the maturation of the IVF and ICSI oocytes. Evidence of successful sperm delivery was found in 72.5% (37/51) of the ICSI failed-fertilized oocytes. In this group there was a significant increase in the incidence of premature chromosome condensation: 19.6% (10/51) contained sperm chromosomes, 7.8% (4/51) had swollen sperm heads, and the remaining 45.0% had condensed sperm heads. The presence of both sperm and Mil oocyte chromosomes was found in 19.6% (10/51) of the ICSI and 8.6% (14/162) of the IVF failed-fertilized oocytes. Specific fluorescent in-situ hybridization DNA probes were used to re-analyse the chromosomes of karyotyped 'failed-fertilized' IVF oocytes and, for the first time, applied to the karyotyped chromosomes of failed-fertilized ICSI oocytes. The hybridization efficiency was 86-95% for the centromere probe and 100% for probes 21 and 18.
Introduction
Previous in-vitro studies from our unit (Muggleton-Harris et al, 1995b) have provided data on the cleavage, viability and 2230 development of assisted conception cultured human embryos. These cultured embryos are used routinely for polymerase chain reaction (PCR) and fluorescent in-situ hybridization (FISH) preimplantation genetic diagnosis (PGD) analyses (Muggleton-Harris, 1994; Muggleton-Harris et al, 1993 , 1995a Pickering and Muggleton-Harris, 1995; Wall et al, 1995 Wall et al, , 1996 . This study provides data on the chromosomal status of 'failed-fertilized' oocytes following assisted conception procedures. This information will be taken into consideration when analysing chromosomal and genetic anomalies of embryos for PGD.
Oocytes with chromatid abnormalities could result in chromosomally abnormal preimplantation embryos, spontaneous abortions (Knudsen et al, 1991; Rai et al, 1994) and chromosomally abnormal concepti . Chromosomal abnormalities of the fetus account for 50-60% of first trimester miscarriages (Simpson and Bombard, 1987) . A wide range (4-50%) for the incidence of aneuploidy of 'failedfertilized' oocytes has been reported (Pellestor, 1991a; Plachot, 1991, Abruzzo and Hassold, 1995) . A large proportion of chromosomal perturbations in human oocytes (Van Blerkom, 1994) or spermatozoa (Fraga et al, 1991) may arise as a consequence of external influences. Specific translocations of the mitochondria have been correlated with alterations in the metabolic and cytoskeletal organization in mouse oocytes and embryos (Van Blerkom and Runner, 1984; Muggleton-Harris and Brown, 1988) and in human oocytes and embryos (Noto et al., 1991 (Noto et al., , 1993 . Meiotic maturation of the oocyte is accompanied by translocations of the mitochondria to the peri-nuclear region during formation of the meiotic spindle (Van Blerkom and Runner, 1984) , whose disruption could cause chromosome anomalies (Van Blerkom et al, 1995) . The spindle has been observed to disintegrate in human oocytes undergoing ageing before or after aspiration/ovulation (Eichenlaub-Ritter et al, 1988b , 1995 or fertilization, which can lead to chromosome abnormalities (Plachot et al, 1988) The effect of clinical and biological parameters on chromosome anomalies has been well documented. A significant positive correlation was found with maternal age (FergusonSmith and Yates, 1984; Delhanty and Penketh, 1990; Angell et al, 1993 Benn et al, 1995; Lim et al, 1995; Roberts and O'Neill, 1995) . Chromosome anomalies have also been associated with stimulation treatment and oocyte ageing (Jagiello et al, 1976; Wramsby et al, 1987; Plachot, 1991; Van Blerkom and Henry, 1992) . Increasing follicular recruitment decreases overall oocyte quality and maturity (Wojcik et al, 1995) , leading to an impaired fertilization rate (Plachot and Crozet, 1992) .
IVF human oocytes are exposed to excessive numbers of spermatozoa (Trounson, 1994) , with possible detrimental effects on the oocytes and subsequent embryo quality (Aitken and Clarkson, 1987; Dumouhn et al, 1992; Parinaud et al, 1993; Aitken, 1994a,b; Gianaroli et al, 1996a,b) . As reported previously (Muggleton-Harris et al, 1995b) , Medi-Cultcultured oocytes and embryos retain a high number of spermatozoa within the amphorous zona pellucida. The overall chromosomal abnormality in mature human failed-fertilized IVF oocytes was 24%, whereas non-inseminated preovulatory oocytes had a chromosome anomaly rate of 16.7% (Pellestor and Sele, 1988; Pellestor, 1991b) . Failure of fertilization following sperm entry may occur, resulting in a single set of condensed metaphase II (ME) chromosomes and prematurely condensed sperm chromatin under the influence of maturationpromoting factors (MPF; Masui and Marker!, 1971) . The status of the chromatin in the first polar body may indicate the maturation stage of the ME oocyte (Wojcik et al., 1995) and the stage at which failure occurred following sperm entry. DNA repair systems are least effective in dealing with chromosome unbalance m the resting stage meiotic oocytes (Ashwood-Smith and Edwards, 1996) . The most common anomaly originating in oocytes is probably tnsomy or monosomy for various chromosomes, and is thought to arise during the first meiotic division (Ishikiriyama and Nikawa, 1984; Griffin, 1996) . The presence of a univalent chromosome can affect the alignment and segregation of other chromosomes in the complement (Hunt et al, 1995) , presenting increased risk for non-disjunction, aneuploidy and trisomy in the embryo (Hassold and Jacobs, 1984; Soewarto et al., 1995) . Certain chromosomes, e.g. 16, 18 or 21, may be predisposed to random segregation of homologues because of a lack of recombination (Antonarakis et al, 1986; Warren et al, 1987; Eichenlaub-Ritter et al, 1988a; Sherman et al, 1990; Antonarakis, 1992; Tanzi et al, 1992; Soewarto et al, 1995; Griffin, 1996) . In our study, FISH probes specific for chromosomes 18 and 21 have been applied to 'failed-fertilized' IVF human oocytes and, for the first time, to ICSI failedfertilized oocytes.
Materials and methods
The use of human 'failed-fertilized' oocytes for this project was approved by the ethics committee of St Thomas' Hospital (London, UK) and the Human FerUlizaUon and Embryology Authority (London, UK).
Patients
The study was performed on 'failed-fertilized' oocytes from 38 patients undergoing IVF and 31 patients undergoing ICSI over a limited period of 8 months. The mean ages of the women were 33.3 ± 3.5 (range 26-41) and 32.8 ±36 years (range 25-38) respectively
Source of oocytes
Ovulation induction for assisted conception procedures was achieved, as described previously (Artley et al, 1992, Taylor and Braude, 1994; Muggleton-Hams et al, 1995b) , with human menopausal gonadotrophin (HMG) following a long protocol of pituitary desensitization using a gonadotrophin-releasing hormone, buserelin acetate (Suprefact, Hoechst, Hounslow, UK). Dunng the 8 month period of this study, different sources of the hormone had to be used because of a worldwide shortage of HMG. These were Pergonal and Metrodin HP (Serono, Welwyn Garden City, UK), Humegon, Orgafol and Nonnagon (Organon, Cambridge, UK). Cycles were monitored using a combination of ultrasound and serum oestradiol estimation Human chorionic gonadotrophin (HCG; Profasi; Serono) was administered when there were at least four follicles with a mean diameter of 17-19 mm at 34-36 h before egg retrieval. Oocytes were collected transvaginally using IVF HEPES-buffcred flushing medium (Medi-Cult, Copenhagen, Denmark) under ultrasound guidance The follicular fluid containing the cocyte-cumulus cell complex was aspirated into sterile tubes (Falcon; Becton-Dickxnson, Cowley, UK).
Preparation of oocytes and spermatozoa for IVF
Oocytes obtained following egg collection were cultured in 'M2' (Muggleton-Harris et al, 1995b) and Universal IVF medium (Medi-Cult, Imperial Laboratories, Andover, UK) for 4-6 h under mineral oil (Squibb; Bristol Myers Squibb, Princeton, NJ, USA), before insemination with 0.05 X10 6 motile spermatozoa prepared by a selective washing technique using a discontinuous Percoll gradient (Mortimer, 1994) Preparation of oocytes for ICSI Following oocyte retrieval, the cumulus cells were removed by exposing individual cumulus corona-oocyte complexes to 0.025% hyaluronidase (Sigma, Poole, UK) in HEPES-buffered IVF medium (Medi-Cult/Universal IVF medium) for 30 s Following this procedure, the oocytes are washed several times in IVF medium Each oocyte was assessed carefully under an inverted microscope. Those with a first polar body (MH) present were selected for micromanipulation. Sperm injection was earned out 4-6 h after aspiration and incubation in 100 uJ drops of IVF medium under mineral oil.
Preparation of spermatozoa for ICSI
A motile subpopulation of spermatozoa was prepared on the day of oocyte retrieval using a Percoll density gradient A 1 in 4 dilution with 10% polyvinylpyrrolidone (PVP) in HEPES-buffered IVF flushing medium was used for the injection procedure (Gearon el al, 1995) ICSI microinjection procedure All microinjection procedures were earned out on the heated stage of a Nikon Diaphot (Microscope Service and Sales, Egham, UK) inverted microscope (magnification X200 or X400) using Nomarski interference optics (Microscope Service and Sales). Pnor to injection, individual, morphologically normal, motile spermatozoa were selected from the sperm/PVP droplet and immobilized The plasma sperm membrane of the immobilized spermatozoon was then damaged by exerting pressure with the tip of the injection pipette at the point where the mid-piece of the spermatozoon joins the tail. Following injection, oocytes were washed through three changes of IVF medium, before being transferred into 100 U. 1 droplets of IVF medium in a plasuc 60X15 mm Petn dish (Nunclon, Intermed, Roskilde, Denmark), covered with mineral oil and incubated in a humidified 5% CO 2 environment at 37°C (Gearon et al, 1995) Assessment of fertilization Cultured human oocytes were assessed for the presence of pronuclei and polar bodies 16-19 h after IVF and 16-18 h after ICSI. Fertilization was considered normal when there were two distinct pronuclei present with two polar bodies. Only those oocytes that had failed fertilization were donated for research. Individual oocytes were studied in detail using high-power phase microscopy pnor to fixation procedures
M3.Wall et aL Oocyte fixation and staining
Oocytes were prepared for chromosome analysis using a modification of a method described previously (Edirisinghe et al, 1992) . The oocytes were exposed to a hypotonic solution of 1% sodium citrate (Sigma) for 10 min at 4 C C. Following a brief exposure to the first fixative, five parts H2O:one part acetic acidfour parts methanol, the oocytes were transferred to clean glass slides (BDH; Merck Ltd, Poole, UK). The oocytes were fixed by the addition of 3X 20 uJ drops of 3.1 methanol:acetic acid. For FISH studies, oocytes were fixed on silanated slides (PGC Scientific, Bristol, UK). The slides were air dried, stained with 5% Giemsa (Sigma) and examined under a X100 oil immersion objective lens. Detailed cytogenetic and karyotype analyses were undertaken in the Department of Medical Genetics and Cytogenetics, St George's Hospital Medical School, London, UK. Photographs were taken on a Dford FP4 plus™ 125 film.
FISH procedures
'Spent' human lymphocyte cell cultures, previously analysed and provided by the Department of Medical Genetics and Cytogenetics, St George's Hospital Medical School (London, UK), were used to assess the specificity and hybridization efficiency of the DNA FISH probes. The cell preparations were prepared usmg standard cytogenetic procedures and processed for FISH. Samples of the karyoryped IVF and ICSI oocyte preparations were re-analysed using (i) a biotinylated total human centromere probe (Appligene; Oncor, Birtley, Durham, UK), (ii) a specific cosmid marker probe for chromosome 21 (Oncor) and (lii) an a-satellite probe for chromosome 18 (Oncor) A modification of the FISH procedures described previously (Muggleton-Harns et al, 1995a; Wall et al., 1995 Wall et al., , 1996 was used for these studies. Fixed oocytes were dehydrated through an ethanol sei;p rior to pretreatment with 100 (ig/ml pepsin in 0.01 N HC1 for 5 min at 37°C. The slides were washed in 2X sodium chloride/sodium citrate solution (SSC), fixed in acetone for 10 min and dehydrated through an ethanol series. The probe/hybridization mixture was added (to a pre-warmed slide) under a plastic covershp (Oncor). The target and probe DNA were co-denatured at 70°C for 5 mm using the Omnigene thermal cycler and in-situ block (Hybaid Ltd, Teddington, UK). The slides were incubated in a humidified chamber at 37°C. Following overnight hybridization, the slides were washed in 0.25 X SSC for 5 nun at 72°C. After washing and prior to detection, the slides were transferred to a 1X phosphate-buffered detergent (PBD) solution. For single colour detection, the slides were incubated with fluorescem isothiocyanate (FTTC)-labelled avidin for 15 min at 37°C. To amplify the signal, the slides were incubated with ann-avidin antibody, followed by FTTC-labelled avidin. After the final washing step, the slides were counterstained with 0 3 u.g/ml propidium iodide (PI), mounted in antifade and examined for the presence of positive fluorescent signal(s) using an Olympus fluorescent microscope with a XI00 oil immersion objective and appropriate PI/FITC filters. Photographs were taken on a Kodak Ektachrome Elite™ 100 film.
Statistical analyses
The x 2 test was used to determine if there was a difference in premature chromosome condensation (PCC), aneuploidy rates and first polar body chromatin status between IVF and ICSI oocytes. The effect of Pergonal and Metrodin HP hormones on the aneuploidy rate of IVF oocytes was also determined using the x 2 test. Fisher's exact test was used to examine the effect of Metrodin HP on the aneuploidy rate between IVF and ICSI oocytes, and the Mann-Whitney test was used to determine the effect of maternal age on the aneuploidy rate of IVF and ICSI oocytes.
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Results
Analysis of IVF oocytes
A total of 162 oocytes that failed to show morphological evidence of normal fertilization 24-48 h after sperm insemination were analysed (mean 4.3/patient) ( Table I) . Of the 82.1% . (133/162) fixed and stained oocytes that gave metaphase plates (Figure la) , 50.4% (67/133) were suitable for cytogenetic analysis; 8.6% (14/162) of the IVF oocytes were found to contain both sperm and Mil oocyte chromosomes (Figure lb) .
Analysis of ICSI oocytes
A total of 51 oocytes that failed to show morphological evidence of normal fertilization 24-48 h after sperm injection were analysed (mean 1.6/patient). There was a significant increase in the incidence of PCC in this group of oocytes (Table I and Figure 3b) . The results show that 19.6% (10/ 51) of the oocytes contained both sperm and Mil oocyte chromosomes (P = 0.03). In addition, 45.1 (23/51) and 7.8% (4/51) of the oocytes had condensed and decondensed sperm heads respectively (Figure 2a and b) . Overall, 72.4% of the ICSI oocytes were shown to contain spermatozoa following fixation and analysis. Of the 78.4% (40/51) of oocytes fiat gave metaphase plates (Figure 3a) , 47.5% (19/40) were cytogenetically analysed.
Cytogenetic analysis
The results obtained following the cytogenetic analysis of oocytes with numerical chromosome anomalies are shown in Table II . Of the IVF oocytes analysed, 46.3% (31/67) were haploid and 37.3% (25/67) aneuploid (i.e. 14 hyperhaploid and 11 hypohaploid). Equal numbers of haploid (31.6%; 6/19) and aneuploid (31.6%) oocytes were found when the ICSI oocytes were analysed. There was no significant difference in the overall aneuploidy rates of IVF and ICSI Mil oocytes (P = 0 65). The majority of chromosome anomalies found in the karyotyped aneuploid oocytes were in the G-group of chromosomes, i.e. chromosomes 21-22 (Table HI) .
The different types of commercial HMG hormone used in the ovulation induction regime did not appear to influence the aneuploidy status of the FVF oocytes (data not shown). Oocytes obtained following the use of Pergonal had an aneuploidy rate of 33.3% (6/18), while those obtained following the use of Metrodin HP had a rate of 35.3% (12/34) (P = 0.88). There was no significant difference found in the rate of aneuploidy for IVF and ICSI oocytes following the use of die same HMG hormone, Metrodin HP (35.3 versus 28.6%; P = 0.75).
An analysis of the cytological data for oocytes studied from IVF (maternal age range 26-41 years) and ICSI patients (maternal age range 25-38 years) showed that the maternal age of the IVF or ICSI patients did not significantly influence the rate of aneuploidy (P = 0.496 IVF and P = 0.500 ICSI) (data not shown).
Chromosome abnormalities
For the small number of samples analysed, although the aneuploidy rate did not appear to be influenced by maternal age, an oocyte (1/67) witJi a diploid chromosome complement was obtained from an IVF patient aged 39 years In addition, the chromosomes of 10.4% (7/67) of Mil oocytes, six of which were from patients aged >36 years, had fragmented or broken chromaticls. Of the 67 IVF oocytes analysed, three (4.4%) had single oocyte chromaticls intermingled with sperm chromosomes in the Gl phase of the cell cycle, as identified by the presence of single sperm chromatids (Figure 4) . Similar abnormalities were identified in the ICSI oocytes: 15 8% (3/19) of the oocytes had fragmented or broken chromatids and 21.1% (4/19) had single chromatids intermingled with chromosomes of spermatozoa that had undergone PCC. However, in this case the abnormalities were found in oocytes from patients over a maternal age range of 31-38 years.
Polar body analysis
Based on the classification of Wojcik ei al (1995) , the status of the chromatin in the first polar body may indicate the maturation stage of the ME oocyte Table IV provides observations of the polar body chromatin following IVF and ICSI procedures. Of those oocytes that had polar body chromatin which could be analysed following fixation and staining procedures, 20.7% (24/116) of the IVF and 28% (14/50) of the ICSI oocytes contained polar body metaphase chromosomes. The chromosomes of the polar body could be distinguished from those of the oocyte by their swollen appearance (Figure la) . In 59 5% (69/116) of the IVF and 60% (30/50) of the ICSI oocyte polar bodies the chromatin was in clumps, and in 19 8% (23/116) of the IVF and 12% (6/50) of the ICSI oocyte polar bodies the chromatin had undergone nucleation, producing pyknotic nuclei (Figure 2a) . However, when the There was no significant difference in the overall aneuploidy rates of IVF and ICSI oocytes (P = 0 65).
•"Other abnormalities include oocytes where 23 single oocyte chromatids were intermingled with sperm chromosomes, l e. premature chromosome condensation in the Gl phase of the cell cycle. Hyperhaploid ICSI oocytes 30, +7* 27, +7" Hypohaploid ICSI oocytes 22,-G
22,-C?
ICSI = intracytoplasmic sperm injection, IVF = in-vitro fertilization These preparations were re-analysed by fluorescent in-situ hybridization using a probe for chromosome 21 or a total human centromere probe Values in parentheses are percentages There was no overall significant difference in the polar body chromatin status of IVF and ICSI oocytes (P = 0.36) Classification according to Wojcik el aL (1995) . data were analysed statistically there was no overall significant difference in the polar body chromatin status of the IVF or ICSI oocytes (P = 0.36).
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FISH analyses
FISH analysis, using a total centromere probe, was earned out with a 100% hybridization efficiency on control lymphocyte samples with the expected distribution of FISH signals, i.e. one signal/chromosome counterstained with PI. However, when the karyotyped oocyte metaphase spreads were re-analysed using this probe, a hybridization efficiency <100% was achieved (86-95%). Although the expected number of positive signals (two signals/chromosome) was clearly seen on all of the individual chromosomes to which the probe had successfully hybridized, there were well denned Pi-stained chromosomes of the metaphase spread which were totally negative for the FISH signal. The reasons for this are not known, but the hybridization efficiency of this probe is known to vary with some of the chromosomes in mitotic cells. We concluded that the use of the FISH centromere probe is not helpful in resolving equivocal results obtained from previously cytogenetically analysed meiotic metaphase chromosome spreads of the human oocyte. However, this problem may be resolved using a total human telomere probe that has recently become available. When a probe for chromosome 18 was used a 100% hybridization rate was achieved. In some cases fluorescent signals could be detected on the centromeric region of the chromatids in both the metaphase plate ( Figure 5 ) and first polar body chromosomes (Figure 6 ). Representative samples of previously cytogenetically/karyotyped metaphase plates were re-analysed using chromosome-specific DNA probes, e.g. 21 (Table Ed) . A similar rate of hybridization was achieved using a specific marker probe for chromosome 21 on three hyperhaploid IVF oocytes with known anomalies in the G-group of chromosomes. A FISH analysis confirmed that two of these oocytes had one copy of chromosome 21 (haploid). Therefore we concluded that the anomaly must be due to the presence of two copies of chromosome 22 (aneuploid). 
Discussion
Data obtained from these and previous (Wall et al, 1996) studies provide baseline information on the chromosomal status of oocytes derived from assisted conception procedures within our unit. In this study we have determined a 37.3% IVF and 31.6% ICSI aneuploidy rate for the Mil 'failed-fertihzed' oocytes The chromosomes of the G group (21-22) were identified with the major anomalies, agreeing with previous studies (Plachot, 1991) Over the 8 month period of this study, the maternal age and different sources of HMG were shown not to influence the aneuploidy rate However, if, as discussed earlier, the majority of these anomalies found are not intrinsic to the oocyte, they could possibly be reduced or obviated by further research on the environmental and external factors known to influence them (Abruzzo and Hassold, 1995) . The information provided from the oocyte chromosome studies is particularly relevant when evaluating results from ongoing research on the chromosome complement of cells comprising the human preimplantation embryo (derived following similar assisted conception procedures) and the diagnosis of possible chromosomal anomalies in biopsied cells from cleavage and blastocyst stage human preimplantation embryos.
In the present study sperm chromosomes were found in addition to oocyte chromosomes in 8.2% of the 'failedfertilized' IVF fixed and stained Mil oocytes. In previous DNA assessment studies using stored aged oocytes stained with a fluorochrome a range of 3 (George et al, 1996) -38% (Gearon etal., 1995) of the 'failed-fertilized' oocytes examined contained spermatozoa. Van Blerkom et al. (1994) reported that 22% of mature 'failed-fertilized' IVF oocytes were penetrated, and suggested that the ability for these oocytes to be penetrated and to initiate a block to polyspermy may be retained for a longer time than the capacity of the cytoplasm to decondense sperm DNA. Phases at which arrest may occur after sperm penetration have been described by Asch et al. (1995) , whose studies demonstrated that the proper union of the parental genomes requires a series of cytoskeletal-mediated events on the oocyte surface and within the oocyte proper. Flaherty et al. (1995) found that 66% of ICSI MB oocytes contained a swollen sperm head, indicating that the oocytes were correctly injected but had failed to activate and complete the second meiotic division. Studies on the timing of sperm and oocyte nuclear progression after ICSI procedures concluded that anaphase II is initiated in the majority of oocytes not later than 2-3 h after injection. There are two distinguishable phases of sperm nucleus transformation after ICSI oocyte activationindependent swelling of the sperm head and oocyte activationdependent chromatin decondensation which is coupled to the beginning of oocyte chromosome decondensation (Dozortsev et al., 1995) . The high incidence of condensed sperm heads found in ICSI oocytes in this study would indicate that failure has occurred within 2 h of injection and is independent of oocyte activation. This observation concurs with those of Bergere et al. (1995) , and it is possible that the lack of a spermassociated oocyte-activating factor (SAOAF) is responsible (Tesank, 1994; Tesarik et al, 1994; Tesank and Sousa, 1995, Qian et al., 1996) . Dozortsev etal (1995) considered that if any delay occurs between sperm injection and Ca 2+ oscillations, or the timing of SAOAF release, activation will not occur Previous data have indicated that following ICSI procedures male pronucleus formation appears to occur in the presence of Ca 2+ but is defective in the absence of Ca 2+ (Gearon et al, 1995) Alternatively, the failure may be related to a reduced potential of the injected spermatozoon, perhaps because of insufficient sperm membrane damage prior to ICSI (Dozortsev et al., 1995; Cho et al, 1996; Senn et al, 1996) . In addition, certain infertile male patients may have anomalies associated with their spermatozoa, e.g. dysfunctional spermiogenesis (Bianchi et al, 1996; Khara et al, 1996) , chromosomal structural aberrations (Estop et al, 1995) and sperm centrosomal defects (Van Blerkom, 1996) Patients in ICSI programmes have, on average, more severe fertility problems than patients in IVF programmes, and idiopathic male factor infertility predominates (Van Steirteghem et al. 1993a.b) . It is probable that most cases of non-obstructive male infertility are genetically transmitted (Silber, 1995) .
Couples treated in ICSI programmes are at increased risk of carrying chromosome aberrations (De Braekeleer and Dao, 1991) . It is suggested that such patients should be karyotyped before the initiation of therapy (Baschat et al, 1996; Peschka etal, 1996; Selva etal, 1996) . The malsegregation of balanced structural rearrangements can lead to zygotes with unbalanced karyotypes. Spontaneous abortion, intrauterine death or the birth of a handicapped child are the potential consequences (Gardner and Sutherland, 1989) . Clinical pregnancies and successful births have been reported from embryos derived from oocytes injected with round spermatids from infertile males (Tesarik et al, 1995) . Genetic forms of infertility with autosomal dominant X-linked, multifactorial or chromosomal modes of inheritance could be propagated from generation to generation (Meschede et al, 1995) .
Accurate and efficient diagnoses of possible chromosomal anomalies in gametes, or PGD analysis of the preimplantation human embryo at the cleavage and/or blastocyst stage of development, requires the implementation of analytical procedures which are effective at the cellular level Harper et al, 1994 Harper et al, , 1995 Muggleton-Harris, 1994; Munne et al, 1994; Muggleton-Harris et al, 1995a; Wall et al, 1995) . The cytogenetic/FISH methods developed for these studies are presently being applied to biopsied cells and embryos derived from similar assisted conception procedures. Cytogenetic and karyotyping methods would be preferable for studying the chromosome complement. Appropriate DNA probes and FISH procedures can identify numerical or structural chromosome aberrations in interphase nuclei, and specific FISH chromosome probes provide an effective method for the re-analysis of equivocal karyotyped oocyte meiotic chromosome metaphase spreads. Primed m-situ-labelling using chromosome-specific probes has been applied to whole preimplantation human embryos (Pellestor et al, 1996) and may prove effective at the cellular level.
